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Research Challenge

" Produce variance estimates for “product
sales” (products) collected in the 2017
Economic Census

" Preliminary research (phase 1):
" |[mputation variance (previous presentation)
= Sampling variance
" Post-stratification
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Economic Census Background

" Not strictly a census

= Multi-units and large single-units selected with
certainty

= Small single-units sampled

» Sampling varied by trade for the 2012 EC

= Wholesale: Census

= Manufacturing, Mining: Cutoff sample

= Construction: PPS

= All others: Stratified systematic sampling
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Economic Census Background

" Not strictly a census

= Multi-units and large single-units selected with
certainty

= Small single-units sampled

» Sampling varied by trade for the 2012 EC
=_\\holesale-Census-(excluded)
= ManufacturingMiningCuteffsample
= Construction: PPS
= All others: Stratified systematic sampling
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Economic Census Background

" Final product estimates are produced by
calibration to stratum-level receipt totals

= Samples designed for estimation, not
specifically for direct variance estimation

= Not uncommon for strata to contain only 1 or
2 sampled establishments
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Collapsing Strata

= States with similar average receipts values
within an industry were combined to create
strata

= Strata were chosen such that each contained
at least 10 establishments
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Research Data — “Populations”

" Historic Economic Census data (2012)
" Impute missing product values

= Retain “five” products per industry
= “Expand” sample to population
" Draw 5,000 Stratified WOR-SRS samples
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Population CV vs Estimated CV
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Population CV vs Estimated CV
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Variance Estimation Methods

= 3 design-based replication methods
" Chipperfield-Preston
= Mirror Match
= Without Replacement Bootstrap

* Finite Population Bayesian Bootstrap
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Chipperfield-Preston (CHIP)

Replicate

Size =l%‘ = my
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Chipperfield-Preston cont’d

= Adjust the weights for units in replicate

x Nn
Wi = Wi | 1 =V +Vn —

vr =+ A = fmy/(ny, —my)
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Mirror Match (MM)

WOR

Subsample
Size = ny, - Replicate

Select k;, times
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Mirror Match cont’d

= Select a subsample of size ny,
’ —
Ny = fnln

" Return subsample and repeat kj, times

kn = ny (1 — %) /(p (1 = fr)
h

United States

Census

USDptm thmm e

IIIIIIIIIIIIIIIII
s.gov




Without Replacement Bootstrap
(BWO)

PPseLIJdc?- - Replicate
opulation Size = 11!,

Size =Tlhkh
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Without Replacement Bootstrap
cont’d

" Create a pseudo-population by replicating each
establishment k; times

1 1—
o= (1 nhfh>

= Create the replicate by selecting ny,
establishments from the pseudo-population

n, =np—(1—f)
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Creating Replicate Estimates

" Replicate estimates can be calculated as

I‘I1 nh

c(r) _ )
Ym HT — WhiVi

h=1i=1

= Ratio estimates can be calculated as

P =ZRCPThZW v
m,ratio RCPTh hiJi
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Creating Variance Estimates

The resulting estimate of variance is

,\ 2
Umt = (" 2 Y(r) *)

_{ R formMMmandBWO
Where C = {R — 1 for Chipperfield
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Finite Population Bayesian
Bootstrap (FPBB)

" Create an implicate by drawing N, — n,,
establishments from the sample with probability for
the kth selection

(Wi 14 Lij—1 (N, — nh))

np

(kp — 1)(Np —np)
np

Pnk =
Nh —nh +

* Addthe N, — ny, selected establishments to the
original sample to complete the implicate
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FPBB cont’d

Implicate

Size = Nh
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FPBB cont’d

The FPBB estimate of variance is

1
UFPBB:UB_l_ 1+§ TB

where
" [Jp is the average within-implicate variance
" Ty is the between-implicate variance, and
" Bis the number of implicates
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Evaluation

1. Full sample estimate versus mean of the
replicate estimates

Number of replicates/implicates
Comparison of desigh-based methods

4. Comparison of selected design-based
method to FPBB
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Full Sample vs. Replicate Mean

I N T -m-m

Receipts

Product 1 U U
Product 2 0o 0o
Product 3 0o 0o
Product 4
Product 1
Product 2
Product 3
Product 4

Horvitz-
Thompson

Ratio
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Evaluation cont’d

" The simulation study is a complete block
design with repeated measures, treating
industry as a random effect

= Used SAS PROC MIXED to fit and evaluate the
following model

Yl =T, + Br + Yik T €
lNN(O: 0-2)’ﬁk~N(ﬁ’ O-,B)
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Number of Replicates/Implicates

100 vs 200 Replicates 10 vs 20

\ Implicates

I T -m-m FPBB

P-values for Absolute Relative Bias (ARB)

Product 1 1.00 1.00 1.00 0.92
Product 2 1.00 0.99 1.00 0.87
Product 3 1.00 1.00 1.00 0.04**
Product 4 1.00 0.99 1.00 0.87

P-values for Stability

Product 1 1.00 1.00 0.97 0.62
Product 2 0.99 1.00 0.98 0.79
Product 3 1.00 1.00 0.99 0.00**
Product 4 0.99 1.00 0.99 0.88
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Comparing Design-Based
Methods

Variable BWO- CHIP- Minimum
CHIP Average

Receipts 0.06**  0.04**  0.05** 0.95

HT Stability Receipts 0.01**  0.00** 0.08** 0.12 BWO
HT Stability  Prod 4 0.08**  0.10** 0.03** 0.59 BWO
Ratio Stability  Prod 4 0.08**  0.10** 0.03** 0.59 BWO

e Evaluated a total of 18 estimates (10 HT, and 8 Ratio)
* Only found significant differences in 4
 Minimal evidence of difference across methods
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BWO vs. FPBB

e e Ratio ARB Stability
= No S|gn|f|cant Estimates P-values P-values

differences identified Product 1 0.34 0.40
Product 2 0.34 0.37
Product 3 0.32 0.38
Product 4 0.34 0.38
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BWO vs FBPP
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Conclusions

In general, most establishments in an industry
report the same products. The others are solicited
but rarely reported.

In the first case, direct estimation is possible and
the FPBB estimation method is feasible and
preferable to the design-based replication methods
investigated.

In the second case, the items are really small area
estimates.
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Next Steps

We will incorporate product nonresponse into the
variance estimates by testing the FPBB/ABB method
outlined in Zhou et al (2012) using a simulation
approach combining the methods presented here
with those presented in the previous presentation.
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